A combination wind vane and anemometer model (Marine Speedovane) is tested in wind tunnel, as to its mode of oscillation and variation of rotational speed in pitching or rolling motion with wind on. According to this model experiment the pitching motion of period of 8 seconds (actual weather ship's value) has nothing to do with the indication of the wind vane, but it seriously affects the rotational speed of the anemometer windmill, which is oscillating with the same period as that of the pitching motion and with a certain phase lag. The mean rotational speed is found remarkably lower than that without pitching at the same wind speed.
Object of the experiment
Since the installation of the combination wind vane and anemometer Marine 
Test set-up
The Speedovane model (approximately to scale 1 : 2.5, Fig. 1 ) fitted with a four-bladed windmill of aluminium alloy is mounted on the top of a tublar pole which can be swung by a variable-speed motor through a rod (Fig. 2) . The length of the pole in comparison with the model dimension is not so large as in the actual case (some 15 m from the ship's center of buoyancy, while the Speedovane pole It differs from the ordinary Speedovane only in the water-proof indicators and terminal box. length is 1.120 m) owing to the restriction of the space available . The amplitude of the pitching motion, i.e., along the wind tunnel flow direction, or of the rolling motion, i.e., across the flow is 24°30' to 23°04', which in actual cases surpasses 60°. The period of the motion, i .e., the time to cover from one extremity to another and back again to the original position , simulates the mean .actual values of 8 seconds.
The rotational speed of the Speedovane windmill is transmitted as a contact f or every three rotations to a recording drum. Fig. 3 . The speed ratio for free running is given at V=10 m/s by A0= VINR= 1.30*, where (0-271-N160 and R= 0.14 m is the radius of the windmill. The speed ratio for free running is chiefly dependent upon the blade form, and the present value is in good coincidence with that of the actual Speedovane.
The rotational speed in yaw is illustrated in Fig. 4 as the ratio N(1)1N0 where N is the rotational speed for yaw angle (I) and No that for (/)-0, each at a given wind speed of 10 m/s.
The transcendental characteristics, i.e., the start and stop of the windmill are illustrated in Fig. 5 for various wind speeds V and for the initial rotatio-nal speeds Vo expressed in wind speed, respectively.
In this connection, it should be added that the moment of inertia around the rotational axis of the windmill complete with its retaining nut is 0.701 grcms2.
2) Rotational speed during the free oscillation. The model is let to perform its free oscillation in the tunnel current, and the. rotational speed co of the windmill is measured as illustrated in Fig. 6 . The time is shorter for the complete damping of the free oscillation than for the speeding up to the ultimate rotational speed, so that only a slight retardation can be found from the steady state of Fig. 5 (a) .
The moment of inertia of the model complete with windmill around the rotational axis of the fuselage is 17.0 grcms2.
3) Rotational speed in the pitching motion. A pitching motion of period 8 seconds is given to the model directed initially to the tunnel current according to the configuration pictured in Fig. 2 , and the rotational speed of the windmill is measured for various wind' speeds as illustrated in Fig. 7 .
The rotational speed changes almost sinusoidally with a period of 8 seconds,. but its mean value is definitely lower by Au) than that for steady state for the same wind speed. This fact is due to smaller side wind (yaw) effect than the case of pitching, for instance, the yaw angle (/)--.6° with the maximum rolling speed passing the central position at the wind speed V=3.4 in/s (0=0° at both extremities, and becomes smaller as the wind speed increases) .
Here again the model does not change its direction during the rolling motion.
4. Conclusions 1) Pitching motion has nothing to do with the indication of wind direction of the Marine Speedovane model.
2) Pitching motion causes under-estimation of the mean wind speed of the order of 10-15% for wind speed up to 10 m/s.
3) Rolling motion has nothing to do with the indication of wind direction of the said model. 4) Rolling motion does not cause any under-estimation of the mean wind speed. 5) Pitching or rolling motion causes oscillating or fluctuating indication of instantaneous wind speed, especially for the former case, coupled with a certain phase lag.
6) The above conclusions are valid for the special configuration of installation experimented here and cannot be regarded as generally valid.
